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78a Sunday, February 16, 2014consistent with shown in recent studies and predicts suppression of pseudo-
knot formation in chromatin folding. However, it remains to be understood
why the chromatin polymer model behaves this way. To answer this ques-
tion, we propose to look at the structure of the temporarily collapsed config-
urations of a polymer in certain ranges of lengths and attraction strengths. In
particular, our aim is to calculate the crossover scale between the collapsed
polymer at longer distance and the folded branched polymer at shorter dis-
tance. Such theoretical predictions from a polymer model combined with
simulations of polymer conformations (both lattice polymer models and
bead-spring models), would tell us whether, in the realistic model, there
are certain parameter combinations that has to be fine-tuned to get the sup-
pression of pseudoknots. We hope this study leads to a better understanding
of the role of non-specific interactions of the polymer physics of chromatin.
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The global architecture of cell nucleus and the spatial organization of chro-
matin play important roles in gene expression and nuclear function. By
measuring the frequency of physical proximity between pairs of chromosomal
regions on a locus scale, Chromosome Conformation Capture Carbon Copy
(5C) technique revealed a wealth of information about the spatial organization
of chromatin. However, the three-dimensional structure of the chromatin and
how it changes at different activation states are largely unknown. We have
developed an algorithm to reconstruct the three-dimensional structure of a-
globin gene locus, which is expressed in K562 cell line and inactive in
GM12878 cell line based on publicly available 5C interaction data [1]. Our re-
constructed three-dimensional chromatin models show an open conformation
in the active cells, whereas they fold into more compact conformations in inac-
tive cells. Furthermore, our models not only can capture known long-range in-
teractions, but can also predict new interactions that were not in the 5C data,
but were experimentally observed in an independent study. Analysis of
ensemble of model chromatin chains reveals an activation mechanism of a-
globin gene that is highly influenced by the folding landscape and the spatial
organization of the locus. Clusters of interacting regions suggest that the acces-
sibility of specific regions of regulatory elements in three-dimensional space is
essential for cells to maintain the necessary long-range interactions for gene
activation.
[1] Bau`, D. et al. The three-dimensional folding of the a-globin gene domain
reveals formation of chromatin globules. Nat Struct Mol Biol. 18, 107-114
(2011)
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Global architecture of cell nucleus and the spatial organization of chromatin
play important roles in gene expression and nuclear function. Single-cell imag-
ing and chromosome conformation capture-based techniques provide informa-
tion on chromosome conformations and their spatial organization. Here we
describe a chromatin model called constrained self-avoiding chromatin
(C-SAC) for studying chromatin structures. With a novel sampling technique,
we can generate a large ensemble of chromatin chains with the appropriate
physical properties and spatial confinement. We show that randomly folded
chromosome in the confined nuclear volume give rise to the experimentally
observed higher-order architecture of human chromosomes, including the
average scaling behavior, leveling-off effect, the formation of topological do-
mains, chromosome-to-chromosome and cell-to-cell variability, as well as
highly enriched interactions via insulator proteins. Our results point to an
emerging picture of the folding landscape of chromatin scaffold that changes
with nucleus size, and suggest that the overall structure of human chromosome
is dictated by the spatial confinement of the cell nucleus and the excluded vol-
ume effect. Biochemically mediated interactions do not change the average
properties of chromosomes, but profoundly modulate structural details based
on the existing structural scaffold.419-Pos Board B174
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By measuring the dynamics of different genomic entities in the nucleus of a
living cell, we identified a mechanism that maintains its order. We used single
particle tracking (SPT), fluorescence correlation spectroscopy (FCS) and
continuous photobleacing (CP) to study the dynamics of various genomic sites
in the nucleus such as telomeres, centromeres and a single gene.
The results unequivocally demonstrates the existence of an organizational
mechanism that is based on DNA looping by a set of proteins. In normal cells,
all the sites in the genome exhibit anomalous diffusion with a power law of
~0.3. The diffusion was characterized through different tests and was found
to belong to the family of fractional Brownian motion anomalous diffusion.
Based on that, we rationalized that the source of the viscoelasticity is a protein
that can temporarily bind chromatin. We identified the source protein and
showed that a phase transition from viscoelastic to viscous diffusion occurs
when its expression is inhibited.
We suggest a rather simple mechanism that explains the organization mainte-
nance of the chromosomal territories and is strongly supported by the whole set
of our dynamic data.
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In recent years, evidence has emerged that the bacterial chromosome possesses
a remarkable level of spatial and temporal organization, and its structural
changes are believed to have an important role in key cellular functions,
such as regulating transcription.
Particle tracking of chromosomal loci is possible by constructing strains in
which GFP adheres to a particular genomic site. This has been used by
several labs over the last few years both as a technique to map out the
‘‘home position’’ of each genomic site within the cell body, and to study
the fluctuation properties. It has become a key technique in the development
of a correct physical model to capture the in vivo structure and functional
organization.
Our analysis of chromosomal dynamics investigated the short time (0.1s-10s)
regime, published in [1], showing a decrease in motility in loci near the termi-
nus of replication. This chromosomal trend is maintained across different
growth conditions and appears to be related with the positioning of Ter in
mid-cell position during chromosomal replication.
In unpublished work, we have compared the observed foci behavior with a
physical model of subdiffusive dynamics, and we have found a small subset
of ubiquitous ‘‘rapid movements’’ that exhibit near ballistic dynamics. This
suggests the presence of an active driving machinery, or stress relaxation mech-
anisms that are non-trivially coupled with chromosomal partitioning; in either
case, non-thermal fluctuations are present in the chromosome.
Finally, we have studied the effect on chromosomal dynamics induced by that
chemical perturbations and in knockout mutants lacking certain nucleoid asso-
ciated proteins.
[1] Javer, et al. ‘‘Short-time movement of E. coli chromosomal loci depends
on coordinate and subcellular localization.’’ Nature communications 4
(2013).
